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ABSTRACT
Objectives: Metformin is the first-line therapy
for most patients with type 2 diabetes, but the
majority require treatment intensification at
some stage due to the progressive nature of
the disease. The 1860-LIRA-DPP-4 trial showed
that liraglutide exhibited greater improvements
compared with sitagliptin in glycated
hemoglobin and body mass index in patients
with type 2 diabetes inadequately controlled on
metformin monotherapy. As a follow-up to a
previously published cost-effectiveness analysis
of 1.2 mg liraglutide versus sitagliptin in Spain,
the aim of this analysis was to compare long-
term projections of the clinical and cost
implications associated with 1.8 mg liraglutide
and sitagliptin.
Methods: For the modeling analysis, 52-week
treatment effect data (as opposed to 26-week
data in the previous analysis) were taken from
the 1860-LIRA-DPP-4 trial, for adults with type 2
diabetes receiving 1.8 mg liraglutide or 100 mg
sitagliptin daily in addition to metformin.
Long-term (patient lifetime) projections of
clinical outcomes and direct costs (2012 EUR)
were made using a published and validated
model of type 2 diabetes, with modeling
assumptions as per the 1.2 mg liraglutide
analysis.
Results: Liraglutide was associated with
increased life expectancy (14.24 versus
13.87 years) and quality-adjusted life
expectancy [9.24 versus 8.84 quality-adjusted
life years (QALYs)] over sitagliptin. Improved
clinical outcomes were attributable to the
improvement in glycemic control, leading to a
reduced incidence of diabetes-related
complications, including renal disease,
cardiovascular disease, ophthalmic and
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diabetic foot complications. Liraglutide was
associated with increased direct costs (EUR
56,628 versus EUR 52,450), driven by
increased pharmacy costs. Based on these
estimates, liraglutide was associated with an
incremental cost-effectiveness ratio of EUR
10,436 per QALY gained versus sitagliptin.
Conclusions: A previous analysis has suggested
that 1.2 mg liraglutide is cost-effective from a
healthcare payer perspective in Spain, and the
present analysis suggests that the 1.8 mg dose is
also likely to be cost-effective.
Keywords: Cost; Cost-effectiveness; Incretin;
Liraglutide; Sitagliptin; Spain; Type 2 diabetes
INTRODUCTION
Hyperglycemia in type 2 diabetes results from
insulin resistance in the peripheral tissues,
insulin deficiency due to insufficient
pancreatic output, and excessive hepatic
glucose output and is associated with serious
microvascular and macrovascular complications
[1]. Early initiation of treatment can delay
disease progression, and achieving evidence-
based clinical goals by implementing effective
management strategies substantially reduces
the risk of morbidity and mortality and
ultimately improves patient outcomes [2–4].
Metformin remains the first-line therapy for
most patients with type 2 diabetes mellitus.
However, due to the progressive nature of the
disease,withbetacell functiondecliningover time,
the majority of patients require additional therapy
to maintain glycemic control. Long-standing
second-line interventions include sulfonylureas
and thiazolidinediones, and whilst these
therapies are effective in achieving glycemic
control, they are associated with weight gain,
increased risk of hypoglycemic events, and/or
cardiovascular concerns [5].
In an attempt to improve treatment of type 2
diabetes, a number of new therapies targeting
the incretin axis have been developed [6]. These
therapies exert effects in a number of different
target tissues to address the complex
pathophysiology of the disease. Incretin-based
therapy has been shown to stimulate glucose-
dependent insulin secretion, reduce glucagon
secretion, improve beta cell function, slow
gastric emptying, increase satiety, reduce
appetite, and general benefits beyond the
pancreas. Two classes of incretin therapy have
been developed: degradation-resistant
glucagon-like peptide-1 (GLP-1) receptor
agonists (such as liraglutide and exenatide)
which mimic the actions of endogenous GLP-1,
and dipeptidyl peptidase-4 (DPP-4) inhibitors
(such as sitagliptin and saxagliptin) which
inhibit the inactivation of incretin hormones
by the enzyme DPP-4. Both GLP-1 receptor
agonists and DPP-4 inhibitors are associated
with reductions in glycated hemoglobin
(HbA1c), but reductions may be more
substantial with GLP-1 receptor agonists
(0.5–1.6% reduction versus 0.5–1% reduction)
[7]. Furthermore, GLP-1 receptor agonists are
associated with weight loss [8–13] whereas
DPP-4 inhibitors have been associated only
with the prevention of weight gain [14–17].
Whilst the interventions that target the
incretin axis provide a more rounded approach
to treatment of type 2 diabetes than traditional
second-line interventions, they also come at an
increased cost in the short term, although this
can be partially offset by avoidance of treatment
of diabetes-related complications over a
patient’s lifetime as a result of better control.
In a publically funded healthcare system, such
as Spain, the aim is to maximize health
outcomes across the population with the finite
resources available. Healthcare payers must
make decisions on how best to allocate these
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scarce resources, and economic evaluation of
new and existing healthcare interventions is
playing an increasingly important role in
informing these decisions [18, 19].
A previous study investigating the cost-
effectiveness analysis of liraglutide 1.2 mg
versus sitagliptin in the Spanish setting
demonstrated that liraglutide was associated
with improved life expectancy and quality-
adjusted life expectancy but was associated
with increased costs [20]. The analysis
concluded that liraglutide 1.2 mg was cost-
effective compared to sitagliptin over patient
lifetimes. However, liraglutide is available in
two doses, either 1.2 or 1.8 mg per day. The
liraglutide trial program has shown that the
increased dose is associated with improved
clinical outcomes over the lower dose, but this
increased efficacy comes at an increased
pharmacy cost.
As a follow-up analysis to the previously
published cost-effectiveness analysis of
liraglutide 1.2 mg versus sitagliptin, the
present analysis aimed to assess the cost-
effectiveness of liraglutide 1.8 mg versus
sitagliptin in patients failing to achieve
adequate glycemic control on metformin
monotherapy in the Spanish setting. A
secondary analysis was also conducted, in
which the cost-effectiveness of delaying GLP-1
receptor agonist therapy, with a year of DPP-4
inhibitor therapy first, was investigated.
METHODS
Modeling Analysis
The present analysis is a further extension of the
cost-effectiveness analysis of liraglutide 1.2 mg
versus sitagliptin in Spain, with two major
differences. The first is the evaluation of the
1.8 mg dose of liraglutide (rather than the
1.2 mg dose), and the second is the use of trial
data from the 52-week endpoint (rather than
the 26-week endpoint). The methods used in
this analysis are consistent with the previously
published cost-effectiveness analysis of
liraglutide 1.2 mg versus sitagliptin, and
therefore are only outlined briefly here [20].
The analysis was performed using the CORE
Diabetes Model (IMS Health, Basel,
Switzerland), a non-product specific diabetes
policy analysis tool. The model functionality
has been previously described, and the long-
term outcomes projected by the model have
been validated against real-life data at first
publication in 2004 and following a series of
updates in 2013 [21–23].
The model was used to project life
expectancy, quality-adjusted life expectancy,
cumulative incidence of diabetes-related
complications, time to onset of diabetes-
related complications and direct medical costs
for patients receiving liraglutide 1.8 mg daily or
sitagliptin 100 mg daily in the Spanish setting.
In line with published health economic
guidance for Spain, future costs and clinical
benefits were discounted symmetrically by 3%
per annum [24]. The time horizon was set to
patient lifetimes in the base case to capture all
relevant long-term complications, associated
costs, and to assess their impact on life
expectancy and quality-adjusted life
expectancy.
Simulated Cohort
The baseline cohort characteristics were taken
from the 1860-LIRA-DPP-4 (NCT00700817) trial
[25, 26]. This study enrolled patients with type 2
diabetes mellitus who had inadequate glycemic
control (HbA1c 7.5–10.0%) on metformin
(C1500 mg daily for C3 months) in Europe
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(including 9 centers in Spain) and North
America. Patients were randomly allocated to
1.2 mg subcutaneous liraglutide once daily
(n = 225), 1.8 mg subcutaneous liraglutide
once daily (n = 221) or 100 mg oral sitagliptin
once daily (n = 219). Mean age of the cohort
was 55.3 years [standard deviation (SD)
9.2 years], with mean duration of diabetes of
6.0 years (SD 4.5 years), mean HbA1c of 8.4%
(SD 0.80%), and mean body mass index (BMI) of
32.8 kg/m2 (SD 5.2 kg/m2).
Treatment Effects and Risk Factor
Progression
In the previously published cost-effectiveness
analysis of liraglutide 1.2 mg daily, treatment
effect data were taken from the 26-week primary
endpoint [20, 25]. In the present analysis, the
treatment effects applied in the first year of the
modeling analysis (Table 1) were taken from the
52-week time point as this longer follow-up data
may represent a more robust source for long-
term modeling, although it was not the primary
endpoint of the trial (a sensitivity analysis using
the primary endpoint data was conducted) [26].
Assumptions regarding progression of risk
factors in the following years of the simulation
were aligned with the cost-effectiveness analysis
of liraglutide 1.2 mg versus sitagliptin [20].
HbA1c was assumed to remain unchanged for
the duration of the analysis, as this allows the
modeling analysis to capture the legacy effect,
where benefits of reductions in HbA1c early in a
patient’s life persist even after the HbA1c
reduction has been abolished. Systolic blood
pressure increased based on the UKPDS
progression equation, whilst serum lipids
followed the Framingham progression
equations [21]. As in the previous analysis,
patients were assumed to receive incretin
therapy for 5 years, before intensifying
treatment to basal insulin (with the previously
received incretin therapy withdrawn). On
treatment intensification, BMI was assumed to
return to baseline and hypoglycemia event rates
were assumed to be the same in both arms, but
no other treatment effects were applied.
Table 1 Treatment effects applied in the ﬁrst year of the base case analysis
Physiological parameter Liraglutide 1.8 mg Sitagliptin 100 mg Difference
Mean SD Mean SD
Change in HbA1c (%) –1.51 1.02 –0.88 1.04 –0.63*
Change in SBP (mmHg) –2.55 13.83 –1.03 13.76 –1.52
Change in total cholesterol (mg/dL) –3.48 28.74 1.16 34.34 –4.64
Change in HDL cholesterol (mg/dL) 0.77 5.75 0.39 5.72 0.39
Change in LDL cholesterol (mg/dL) 3.48 28.74 6.57 28.61 –3.09
Change in triglycerides (mg/dL) –28.34 131.67 –20.37 131.07 –7.97
Change in body mass index (kg/m2) –1.25 – –0.33 – –0.89*
Major hypoglycemic events (per 100 patient years) 0.00 – 0.00 – 0.00
Minor hypoglycemic events (per 100 patient years) 15.40 – 13.70 – 1.70
HbA1c glycated hemoglobin, HDL high-density lipoprotein, LDL low-density lipoprotein, SBP systolic blood pressure, SD
standard deviation
* p\0.001 [26]
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Costs and Utilities
Costs were accounted from the perspective of a
healthcare payer in Spain in 2012 EUR. All costs
were as per the previous cost-effectiveness
evaluation of liraglutide 1.2 mg versus
sitagliptin in Spain [20]. Utilities were in line
with the previous cost-effectiveness analysis in
Spain, and a cost-effectiveness analysis of
liraglutide versus sitagliptin carried out in the
UK setting [20, 27]. Full details of the costs and
utilities are provided in the online
supplementary information.
Sensitivity Analyses
A number of sensitivity analyses were
conducted to evaluate the robustness of the
modeled outcomes to changes in input
parameters, and to identify key drivers of
results. These were consistent with the
previously published analysis of liraglutide
1.2 mg versus sitagliptin [20].
Scenarios with time horizons of 5, 10, 20 and
30 years, compared to 50 years in the base case,
were run to evaluate the influence of the time
horizon of the analysis on the projected
outcomes. The effect of application of
discount rates of 0% and 5% per annum on
future cost and clinical outcomes was also
investigated. The costs of diabetes-related
complications were increased/decreased by
10% from those used in the base case analysis
to examine the influence of over- or
underestimating these costs. The importance
of changes in physiological parameters were
investigated in five sensitivity analyses, in
which benefits in HbA1c, systolic blood
pressure, blood lipids, BMI and hypoglycemia
were individually abolished. Two scenarios with
alternative assumptions around long-term
progression of HbA1c were investigated. In the
first, the HbA1c difference between the
treatment arms was abolished when patients
switched to insulin therapy. In the second, the
United Kingdom Prospective Diabetes Study
progression for HbA1c (as described by Palmer
et al. [21]) was followed whilst patients received
incretin therapy, and then HbA1c remained
constant when patients switched to insulin. The
effect of the timing of treatment switching was
examined by varying the treatment switch to 7
and 3 years in both arms. A scenario was also
investigated in which the 26-week primary
endpoint data were used to inform the
treatment effects used in the first year of the
analysis.
Secondary Analysis
As a further extension to the 1860-LIRA-DPP-4
trial, patients in the sitagliptin arm completing
52 weeks of treatment were randomly allocated
to receive either liraglutide 1.2 mg or liraglutide
1.8 mg for a further 26 weeks [28]. Switching
patients from sitagliptin to liraglutide 1.8 mg
was associated with a further reduction in
HbA1c and BMI, although these improvements
were not as extensive as when liraglutide was
initiated in the first year of the trial (Table 2).
However, hypoglycemic event rates were lower
than when liraglutide was initiated earlier. This
may have been as a result of patients with a
high susceptibility to hypoglycemia dropping
out of the study (only 62% of the patients
originally randomly allocated to sitagliptin
entered the extension study at 52 weeks). A
secondary cost-effectiveness analysis was
conducted based on this extension to the
1860-LIRA-DPP-4 trial. In this comparison,
1 year of sitagliptin therapy followed by
4 years of liraglutide therapy was compared
with 5 years of sitagliptin therapy (as in the
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base case analysis), with patients in both arms
switched to insulin at the end of year five. All
other assumptions were as per the base case
analysis, and equivalent sensitivity analyses
were performed.
This article does not contain any new studies
with human or animal subjects performed by
any of the authors.
RESULTS
Base Case Analysis
Treatment with liraglutide 1.8 mg was
associated with a mean increase in discounted
life expectancy of 0.37 years over treatment
with sitagliptin (Table 3). Liraglutide was also
associated with mean quality-adjusted life
expectancy of 9.24 quality-adjusted life years
(QALYs), compared to 8.84 QALYs with
sitagliptin, a difference of 0.40 QALYs. The
clinical benefits in the liraglutide arm were
primarily driven by improved glycemic control
with liraglutide over sitagliptin, resulting in a
reduction in the projected incidence of all
diabetes-related complications over patient
lifetimes. Of particular note were the
reductions in cumulative incidence of diabetic
retinopathy, falling from 17.3% to 13.9%
(relative risk reduction of 20.1%), and
neuropathy, falling from 48.5% to 40.4%
(relative risk reduction of 16.7%). The mean
time to onset of diabetes-related complications
was increased with liraglutide (Fig. 1). The
mean time free from any complication was
increased from 6.2 years with sitagliptin to
7.4 years with liraglutide, an increase of
approximately 20%.
Liraglutide was associated with increased
direct costs of EUR 4177 per patient versus
sitagliptin (EUR 56,628 versus EUR 52,450)
(Table 3; Fig. 2). The increased acquisition cost
of liraglutide over sitagliptin (accrued during
the first 5 years of the analysis) drove this
difference. However, the reduced costs of
treating diabetes-related complications
partially offset this increased cost. The most
notable savings were made as a result of avoided
diabetic foot complications, where mean
savings of EUR 2173 per patient were made
(EUR 17,901 versus EUR 20,074).
Table 2 Treatment effects applied in the secondary analysis on switching from sitagliptin to liraglutide 1.8 mg after 1 year
of therapy
Physiological parameter Mean Standard deviation
Change in HbA1c (%) –0.50 1.16
Change in SBP (mmHg) 0.40 18.08
Change in total cholesterol (mg/dL) –7.72 34.33
Change in HDL cholesterol (mg/dL) 0.00 34.33
Change in LDL cholesterol (mg/dL) –11.58 11.44
Change in triglycerides (mg/dL) –26.55 4.57
Change in body mass index (kg/m2) –0.87 –
Major hypoglycemic events (per 100 patient years) 0.00 –
Minor hypoglycemic events (per 100 patient years) 3.10 –
HbA1c glycated hemoglobin, HDL high-density lipoprotein, LDL low-density lipoprotein, SBP systolic blood pressure
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Based on these estimates, liraglutide 1.8 mg
was associated with an incremental cost-
effectiveness ratio (ICER) of EUR 10,436 per
QALY gained versus sitagliptin. Analysis of the
incremental outcomes of the 1000 cohorts of
1000 patients run through the model found
that in 97.7% of iterations, liraglutide was
associated with increased quality-adjusted life
expectancy and increased direct costs. In 95% of
iterations, liraglutide was associated with an
ICER of less than EUR 30,000 per QALY gained
versus sitagliptin.
Sensitivity Analyses
Sensitivity analyses found that the cost-
effectiveness outcomes were most sensitive to
changes in the time horizon of the modeling
analysis, with liraglutide less cost-effective over
shorter time horizons (Table 4). As the time
horizon was reduced, the ICER increased, with a
5-year time horizon producing an ICER of EUR
Table 3 Cost-effectiveness outcomes of the base case analysis
Liraglutide 1.8 mg [mean (SD)] Sitagliptin [mean (SD)] Difference
Life expectancy (years) 14.241 (0.183) 13.873 (0.185) ?0.368
Quality-adjusted life expectancy (QALYs) 9.239 (0.121) 8.838 (0.121) ?0.400
Direct costs (EUR) 56,628 (1323) 52,450 (1394) ?4177
ICER (EUR per QALY gained) 10,436
N.B: ICERs calculated based on the incremental costs and quality-adjusted life expectancy values shown in the table differ
from the ICER shown in the bottom row of the table due to rounding
EUR 2012 Euros, ICER incremental cost-effectiveness ratio, QALY quality-adjusted life year, SD standard deviation
Fig. 1 Mean time to onset of diabetes-related complica-
tions with liraglutide and sitagliptin
Fig. 2 Mean direct costs with liraglutide and sitagliptin
over patient lifetimes. EUR 2012 Euros
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116,534 per QALY gained. This was primarily
due to the improvements in physiological
parameters associated with liraglutide resulting
in reduced risk of long-term complications,
with the benefits of this not fully realized over
shorter time horizons. Changing the discount
Table 4 Summary of results of sensitivity analyses
Analysis Quality-adjusted life expectancy
(QALYs)
Direct costs (EUR) ICER (EUR
per QALY
gained)Liraglutide Sitagliptin Difference Liraglutide Sitagliptin Difference
Base case 9.239 8.838 0.400 56,628 52,450 4177 10,436
30-year time horizon 9.045 8.698 0.347 53,418 49,347 4071 11,740
20-year time horizon 8.163 7.915 0.248 43,975 39,387 4589 18,485
10-year time horizon 5.406 5.294 0.112 26,378 20,083 6295 56,263
5-year time horizon 3.096 3.036 0.060 16,564 9524 7040 116,534
0% discount rate 12.926 12.243 0.683 87,350 83,764 3585 5251
5% discount rate 7.647 7.352 0.295 44,666 40,250 4416 14,955
Costs of complications
?10%
9.239 8.838 0.400 60,037 56,221 3816 9534
Costs of complications
-10%
9.239 8.838 0.400 53,390 48,858 4532 11,323
No HbA1c difference 8.939 8.838 0.101 59,869 52,450 7418 73,626
No SBP difference 9.228 8.838 0.390 56,843 52,450 4393 11,264
No lipid difference 9.193 8.838 0.354 56,742 52,450 4292 12,119
No BMI difference 9.195 8.838 0.356 56,596 52,450 4146 11,633
No hypoglycemia
difference




9.078 8.838 0.239 58,682 52,450 6232 26,052
UKPDS creep for
5 years
8.815 8.571 0.244 62,112 56,011 6101 24,963
Treatment switch after
7 years
9.253 8.844 0.409 58,948 52,236 6712 16,410
Treatment switch after
3 years
9.210 8.829 0.381 54,015 52,620 1395 3667
26-week data 9.212 8.868 0.344 56,861 52,387 4474 13,022
N.B: ICERs calculated based on the incremental costs and quality-adjusted life expectancy values shown in the table differ
from the ICER shown in the ﬁnal column of the table due to rounding
BMI body mass index, EUR 2012 Euros, HbA1c glycated hemoglobin, ICER incremental cost-effectiveness ratio, QALY
quality-adjusted life year, SBP systolic blood pressure, UKPDS United Kingdom Prospective Diabetes Study
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rate to 5% led to an increased ICER of EUR
14,955 per QALY gained, and applying a
discount rate of 0% led to the ICER falling to
EUR 5251 per QALY gained. This pattern also
reflects the long-term benefits associated with
liraglutide over sitagliptin. Abolishing the
treatment effects in turn identified that the
key driver of improved health outcomes with
liraglutide was the improvement in HbA1c.
When this difference was abolished (i.e., the
change was assumed to be the same as in the
sitagliptin arm) the incremental quality-
adjusted life expectancy benefit fell from 0.40
QALYs to 0.10 QALYs. Using alternative
assumptions around the long-term progression
of HbA1c also resulted in changes in the cost-
effectiveness outcomes, but in both cases the
ICER remained below EUR 30,000 per QALY
gained. Cost-effectiveness outcomes remained
stable when the costs of complications were
varied, when treatment switching was assumed
to take place earlier or later, and when the
26-week trial data were used.
Secondary Analysis
In the secondary analysis, receiving sitagliptin
for 1 year followed by liraglutide 1.8 mg therapy
for 4 years was associated with increased life
expectancy (by 0.23 years) and quality-adjusted
life expectancy (by 0.26 QALYs) compared with
sitagliptin therapy for 5 years (with patients in
both arms of the modeling analysis receiving
glargine after year five for the remainder of their
lifetime). As in the base case analysis,
improvements were driven by a reduced
incidence and increased time to onset of
diabetes-related complications. Mean costs
over patient lifetimes were found to be higher
in the delayed liraglutide arm (EUR 56,008
versus EUR 52,450), driven by the acquisition
cost of liraglutide in years 2–4 of the analysis.
Based on these cost and clinical outcomes,
delayed liraglutide therapy was associated with
an ICER of EUR 13,628 per QALY gained versus
sitagliptin.
Sensitivity analyses showed the same
patterns as in the primary analysis. Analyses
identified that the key driver of cost-
effectiveness was the HbA1c improvement
seen when patients switched from sitagliptin
to liraglutide at the end of the first year of the
analysis. Switching patients to liraglutide was
found to be cost-effective as a result of a reduced
incidence of diabetes-related complications
over the long term, as shown by the analyses
in which the time horizon and discount rates
were changed.
DISCUSSION
A previous cost-effectiveness analysis in the
Spanish setting has suggested that liraglutide
1.2 mg is a cost-effective treatment option,
versus sitagliptin, for patients with type 2
diabetes not achieving glycemic control on
metformin monotherapy [20]. The present
analysis has aimed to expand on the
previously published work, by investigating
the cost-effectiveness of liraglutide 1.8 mg in
Spain based on the 52-week trial data. It was
found that liraglutide 1.8 mg was associated
with improved life expectancy and quality-
adjusted life expectancy compared with
sitagliptin in the Spanish setting. Clinical
improvements resulted from a reduced
incidence and increased time to onset of
diabetes-related complications, driven
predominantly by a greater reduction in
HbA1c, but changes in systolic blood pressure,
serum lipid levels and BMI were also found to be
important. Liraglutide was associated with an
increase in direct medical costs over patient
lifetimes. This resulted from the increased
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acquisition cost of liraglutide over the short
term, but was partially offset by avoidance of
treatment of diabetes-related complications
over the long term. Based on the projected
outcomes, liraglutide 1.8 mg was associated
with an ICER of EUR 10,436 versus sitagliptin
in the Spanish setting for patients with type 2
diabetes not achieving glycemic targets on
metformin monotherapy. This ICER falls
below the commonly quoted willingness to
pay threshold of EUR 30,000 per QALY gained
[29–31], and therefore liraglutide 1.8 mg is
likely to be considered a cost-effective
treatment option in patients failing to meet
glycemic targets on metformin monotherapy.
In the 1860-LIRA-DPP-4 study, the 1.8 mg
dose was associated with greater reductions in
HbA1c, blood pressure, and BMI at both 26- and
52-week time points than liraglutide 1.2 mg [25,
26]. Whilst care should be taken when results of
the previous cost-effectiveness analysis and the
present analysis are compared due to the
different time points from which data were
taken, these studies suggest that the greater
improvements in surrogate outcomes with the
1.8 mg dose are likely to result in greater
improvements in long-term clinical outcomes
and both the 1.2 and 1.8 mg doses of liraglutide
are likely to be cost-effective versus sitagliptin in
the Spanish setting.
The secondary analysis represents a scenario
in which liraglutide therapy is delayed by
1 year, with a year of sitagliptin treatment
received previously. This analysis suggested
that switching patients from sitagliptin to
liraglutide was also a cost-effective treatment
strategy for patients failing to meet glycemic
targets on metformin monotherapy, compared
to remaining on sitagliptin. As in the base case
analysis, cost-effectiveness was driven by
improvements in HbA1c and BMI when
switching from DPP-4 to GLP-1 receptor
agonist treatment. However, improvements in
risk factors were not as large as when liraglutide
1.8 mg was initiated in the first year of the
analysis. Therefore, the gains in life expectancy
and quality-adjusted life expectancy were
smaller in the secondary analysis of delayed
liraglutide therapy than in the base case analysis
in which liraglutide was initiated earlier.
Furthermore, the ICER in the secondary was
higher than in the base case analysis. This
suggests that the best strategy for optimizing
healthcare outcomes with a limited budget may
be to initiate liraglutide earlier rather than later,
as this resulted in improved health outcomes at
a lower ICER.
As with all scientific studies, the limitations
must be considered to put the results into
context. A potential limitation of the present
study (and also the previous analysis) is that all
parts of the 1860-LIRA-DPP-4 study were open
label. This included the initial treatment period
used in the base case analysis and the extension
used to inform the secondary analysis. Open label
studies are less robust than double-blind trials, as
patients may have expectations of the effects of
the study medications and this may influence
adherence to lifestyle recommendations.
However, the impact of any potential effect is
difficult to assess. The impact of this on the
present study has been minimized by only using
trial endpoints measured through objective tests
(such as HbA1c and systolic blood pressure).
A further limitation of the present analysis
may be the projection of long-term clinical
events based on short-term trials measuring
changes in surrogate outcomes. However, this
limitation is applicable to the majority of health
economic evaluations. Despite this, long-term
modeling represents one of the best available
options for making estimates of long-term
clinical and economic outcomes in the absence
of long-term clinical data, and this approach is
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recommended in guidelines [32]. The present
study aims to minimize this limitation, through
use of a recently validated model to conduct the
analysis, and basing changes in physiological
parameters on data collected in a randomized
controlled trial [22, 23].
A key study in informing both the
effectiveness and cost-effectiveness of diabetes
medications in patients failing metformin
therapy will be the Glycemia Reduction
Approaches in Diabetes [(GRADE)
NCT01794143] study, due to report in 2020
[33]. Patients will be randomly assigned to one
of four diabetes medications (liraglutide,
sitagliptin, glimepiride, and insulin glargine)
and followed for 7 years. When this study is
complete it will provide a large amount of
clinical effectiveness data, and will form a key
data source for future economic evaluation
when the study reports in 2020.
A potential weakness of the secondary
analysis is that treatment effects are taken
from different time points, with the sitagliptin
treatment arm informed by the 52-week data
and the delayed liraglutide treatment arm
informed by 52- and 78-week data. It was not
possible to use equivalent time point data as all
patients that received sitagliptin as part of the
1860-LIRA-DPP-4 trial were switched to
liraglutide at 52 weeks. This is unlikely to have
had a significant impact on the analysis, as in
the 1860-LIRA-DPP-4 study the majority of
change in measured outcomes when initiating
sitagliptin (or liraglutide) occurred over the first
12 weeks, after which measured values
remained stable up to 52 weeks [25, 26].
The impact of adherence to the two diabetes
medications evaluated should also be
considered. It has been suggested that
injectable diabetes medications may be
associated with lower adherence than oral
medications as a result of the method of
delivery [34]. However, it has also been
proposed that the favorable clinical profile of
incretin therapies, in terms of low
hypoglycemic event rates and weight loss, may
result in improved adherence compared to
conventional diabetes treatments [35]. Whilst
adherence to alternative GLP-1 receptor
agonists has been assessed, currently there is
no evidence to suggest that injectable GLP-1
receptor agonists are associated with lower
adherence rates than oral DPP-4 inhibitors [36,
37]. Moreover, the impact of adherence on cost-
effectiveness is difficult to assess, as both
clinical outcomes and costs will be affected by
adherence rates. The conclusions of the present
analysis may only be valid for patients who are
adherent to the diabetes medications received.
In conclusion, clinical trials have shown that
both liraglutide and sitagliptin are effective
treatments for patients not achieving glycemic
targets on metformin monotherapy. In the
recently published 1860-LIRA-DPP-4 trial,
liraglutide 1.8 mg was associated with greater
improvements in HbA1c and BMI than
sitagliptin [25, 26]. Projecting these outcomes
over patient lifetimes using a published and
validated cost-effectiveness model suggested
that liraglutide 1.8 mg is likely to be cost-
effective versus sitagliptin in the Spanish
setting for patients failing to meet glycemic
targets on metformin monotherapy. The
secondary analysis suggests that initiating
liraglutide earlier, rather than after a year of
sitagliptin therapy first, is the optimum method
for maximizing health outcomes and cost-
effectiveness. The results of the previous and
present analyses suggest that both the 1.2 and
1.8 mg doses of liraglutide are likely to be cost-
effective for patients with type 2 diabetes not
achieving glycemic targets on metformin
monotherapy from a healthcare payer
perspective in Spain.
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